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SUMMARY

A wind tunnel investigation was made of the aerodynamic character-

istics of a 4.42 m (14.5 foot) semispan, externally-blown jet flap model.

The model was equipped with a single 76.2 cm (30 inch) diameter, ducted

fan with a 1.03 pressure ratio. The effects of flap size, fan vertical

location, and wing sweep on the longitudinal aerodynamic characteristics

were studied. This report presents the data from this investigation.



INTRODUCTION

The externally-blown flap (EBF) is one of several configurations

being investigated for use as a STOL transport. The EBF consits of a

wing with a large-chord, multiple element, slotted flap system and pod

mounted high by-pass ratio fans. The mass flow of the fans is blown

against the deflected flap, thereby augmenting the lift by inducing

circulation around the airfoil. Extensive small scale studies have

been completed and several are reported in ref. 1 to 4. Several large

scale configurations have also been investigated and are reported in

ref. 5 and 6.

This paper presents the data of an investigation undertaken to

study the effects of flap size, fan vertical location, and wing sweep

on the longitudinal aerodynamic characteristics of the EBF. The model

was a 4.42 m (14.5 foot) semispan wing powered by a 76.2 cm (30 inch)

ducted fan with a pressure ratio of 1.03. The tests were performed

in the Ames 40- by 80-Foot Wind Tunnel.
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.NOTATION

b wing semispan measured from end plate, m(ft)

Cf flap chord, streamwise, m(ft)

Cw wing chord, streamwise m(ft)

CD drag coefficient, drag
CD~~ ~qS

CL lift coefficient, lift
~~~L ~qS

. . . . pitching momentC
m

pitching moment coefficient, pitching moment
m qSc

C gross thrust coefficient, qs

DS ducted fan exit diameter, m(ft)

L lift, n(lb)

q free-stream dynamic pressure, n/sq m (lb/sq ft)

R resultant force, VL + X , n(lb)

S wing area, m2 (ft2 )

T ducted fan gross thrust, n(lb)

X longitudinal force parallel to thrust axis, n(lb)

Z distance from wing chord to centerline of nacelle, m(ft)

a angle of attack referenced to wing chordline, deg

af flap deflection, deg

A sweep angle, deg

e angle of static resultant force vector from chordline, deg



MODEL DESCRIPTION

Basic Model

Photographs of the model installed in the wind tunnel are shown in

figure 1. The basic geometry of the model is presented in figure 2 and

Table I. The end plate was attached to the wing while the fairing was

isolated from the model.

The geometry of the ducted fan is presented in figure 3(a) and

Table I. The blade plan-form curves for the 8 bladed, 1.03 pressure

ratio fan are presented in figure 3(b). The static thrust as a function

of fan speed is presented in figure 6(a). Shown in figure 6(b) is the

fan gross thrust coefficient versus free-stream dynamic pressure.

Flap System

The three flap systems tested are shown in figure 4(a). The ref-

erence dimension for the systems is given in Table I.

Flap I is a large chord, triple slotted flap. The geometric details

are shown in figure 4(b). This system was made by attaching a modification

to the aft flap of flap III.

Flap II is a large chord, double slotted flap. For this system the

first element of flap I was set at 0° , the first slot sealed and the re-

maining two elements deflected.

Flap III is a smaller chord, double slotted flap. Its basic geometry

is shown in figure 4(c) and its coordinates are given in Table II. This

system is very similar to the flap used on the propellor driven, deflected-

slipstream STOL model reported in ref. 7.
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Ducted Fan Pylons

The model was tested with the ducted fan mounted at three vertical

distances below the wing. The duct positions are described in figure

5. Mounted on the long pylon, the fan was 1.25 diameters below the

wing chord line. The medium pylon positioned the fan .79 diameters

below the wing. The cross section of the pylon is also shown in figure

5. With the pylon removed the fan was mounted .33 diameters below the

wing, allowing a portion of the fan efflux to flow over the top of the

wing.

Wing Sweep

The model was tested at A = 0 and 30° . For A = 300 the wing and

flaps were extended to maintain semispan = 4.42 m (14.5 ft). The ducted

fan was located at midspan for both sweep angles.
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TESTS

The tests were performed by varying angle of attack at a constant

C . Gross thrust coefficient was varied by changing free-stream dynamic

pressure with the fan rotational speed set at 5000 RPM. The gross thrust

was determined from a calibration of fan exit total pressure versus

static ducted fan thrust. C was varied from 0 to 6.

The other test variable was flap deflection. Data was recorded for

each flap system at flap deflections of 0° , 30° , 600, and 90° . This was

done for each fan vertical position and wing sweep angles of 0° and 30° .

The static (q = 0 psf) aerodynamic characteristics were determined

at a = 0° and a fan gross thrust of approximately 1424 n (320 lb).



DATA PRESENTATION

An index of data figures is presented in Table III. The longitudinal

characteristics with the wing sweep at 00 are presented in figures 9 to 15.

Figures 16 to 25 present the data for the model at 30° sweep. The forces

and moments are referred to the wind axes. The moment reference center

was located at 25 percent of the mean aerodynamic chord. The data has

not been corrected for wind tunnel wall effects because they were within

the accuracy of the measuring device.
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TABLE I. - REFERENCE DIMENSIONS

A = 0°

Flap I:

Wing area, S, m2(ft2 )

Wing chord, cw, m(ft)

Flap chord, cf, m(ft)

Cf/C
w

cf/D
S

Flap II:

Wing area, S, m2(ft
2
)

Wing chord, cw, m(ft)

Flap chord, cf, m(ft)

cf/c
w

cf/DS

Flap III:

2 2
Wing area, S, m (ft2 )

Wing chord, cw, m(ft)

Flap chord, cf, m(ft)

cf/c
w

cf/Ds

Semispan, b, m(ft)

11.0(118.4)

2.49(8.17)

1.62(5.30)

0.65

2.12

11.0(118.4)

2.49(8.17)

1.28(4.19)

0.514

1.68

7.40(79.8)

1.68(5.5)

0.71(2.31)

0.42

0.93

A = 300

12.69(136.8)

2.88(9.43)

1.87(6.12)

0.65

2.45

12.69(136.8)

2.88(9.43)

1.48(4.85)

0.514

1.94

8.55(92.1)

1.94(6.35)

0.81(2.67)

0.42

1.07

4.42(14.5)

10



TABLE I. - Continued

Pylons Z, m(ft)

Long Pylon 0.96(3.13)

Medium Pylon 0.604(1.98)

No Pylon 0.253(0.83)

Ducted Fan

Duct

Inside Diameter, m(ft)

Exit Diameter, m(ft)

Chord, m(ft)

Fan Station, percent of duct chord

Z/Ds

1.24

0.79

0.33

.0.762(2.5)

0.762(2.5)

0.655(2.146)

35.13

Fan

Planform curves

Number of Blades

Hub-to-Tip Diameter Ratio

Blade Angle at Tip, deg

Approx. Blade Tip Clearance, cm(in)

Pressure Ratio

see figure 3(b)

8

0.533

30

0.81(0.032)

1.03
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TABLE II. - COORDINATES FOR FLAP III

UPPER LOWER
ORDINATE ORDINATE

0
4.50
6.60
8.64

10.75
12.50
17.20
20.70
23.10
24.85
26.15
26.90
27.41
27.72
27.63
26.65
26.50
24.61
22.10
19.24

0
- 6.25
- 8.10
-10.00
-11.74
-13.02
-15.75
-16.65
-16.44
-15.90
-15.45
-15.00
-14.55
-14.09
-13.63
-12.88

0
12.50
17.65
19.00

CHORDWISE
STATION

0
1.:16
2.32
3.49
4.65
6.90
9.30
11.61
13.95
18.60
23.22
34.85
46.50
58.10
69.70
81.40
93.00
100.00

UPPER LOWER
ORDINATE ORDINATE

0
5 21
7.36
8.95
10.03
11.61
12.91
13.72.
14.37
14.92
15.14
13.24
10.91
8.59
6.19
3.87
1.48

-0.09

0
-4.18
-5.77
-6.76
-7.54
-8.28
-8.53
-8.39
-8.17
-7.71
-7.29
-6.19
-5.04
-3.94
-2.89
-1.72
-0.69
-0.14

L.E. RADIUS = 8.39

L.E. RADIUS = 15.00 CHORD = 36.06 cm (14.2 inches)

CHORD = 33.52 cm (13.2 inches)

ALL DIMENSIONS IN PERCENT CHORD

1S

FORE FLAP AFT FLAP

CHORDWISE
STATION

0
0.75
1.50
2.50
3.75
5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
62.10
63.70
75.00
87.50
100.00



TABLE II. - Continued

Basic Wing Coordinates

UPPER SURFACE

CHORDWISE
STATION

0
0.42
0.74
1.39
3.10
6.57

10.05
13.57
20.61
27.75
34.80
42.00
49.00
57.40
63.25
70.25
77.50
84.60
93.80

100.00

ORDINATE

0
1.93
2.38
3.11
4.45
6.40
7.90
9.13
11.01
12.41
13.41
14.05
14.35
14.30
13.95
13.33
12.49
11.40
10.19
8.52

LOWER SURFACE

CHORDWISE
STATION

0
0.985
1.37
2.12
3.94
7.52
11.05
14.57
21.55
28.55
35.30
42.47
49.45
56.40
63.35
70.30
77.30
78.70
84.30
91.30

100.00

ORDINATE

0
-1.63
-1.96
-2.47
-3.33
-4.50
-5.35
-6.01
-6.98
-7.65
-8.05
-8.22
-8.16
-7.87
-7.37
-6.73
-5.88
-5.74
3.94
8.19
8.40

Leading Edge Radius - 1.171

CHORD = 1.194 m (47.0 inches)

All Dimensions in Percent Chord
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TABLE III. - INDEX OF DATA FIGURES
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TABLE III. - Concluded.

SWEEP
FIGURE ANGLE, deg PYLON

I LONG

MEDIUM

NO

V

FLAP

I

I
II 90

60, .....
30

_ _ _ _ _ _ _ 

III

T

I

II

.
III

,!
i

I-

II

.1,
III

I-III

15

- --- 30
30

6=, deg

90
60
30
0 ·

16a

C

17a
b
c

d
18a

b
c

d
19a
b
c

d
20a

b
c

21a
b

22a
b
c

b

d
24a

b
c

25

90
60

30
0O

90
60 _

30 _

0
90
60
O
90
60
30.___ 

90
60
30
90
60
30
0

90l
60

3O
0

nacelle
removed

.- _.-.--_.......... r- -
t�- --

L _s _ .. .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~I.... _. _......... .- .. ._...I .-------- ·----II

I

--r

--i

i
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I
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I

L.i

t
I

i
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(a) Three-quarter front view;~=O° ,flap III, med. pylon

Figure 1.- Installation of model in wind tunnel.
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(b) Front view;JL=30~ flap III, no pylon

Figure 1.- Continued.



(e) Three-quarter rear view;A. =30
0

,flap I, lonr pylon

Figure 1.- vO eluded.
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w
N C

OO f



( (

/II4-(sv----1/ 1 .. 7cZ(3
*°nnE (EDGAM J .OO.qS@,tV .14(5Y

TJ TX \VA4e. 8 STATO r_
(Tl'tcti 2 PL,5 PtCAL 3 PL)

ST'e-roh A-A

(a) General arrangement

Figure 3.- Geometric details of 30 in. ducted fan.



Ij -11' 11

4.
+-+;

T_-
i _*-00T lW +'l iJIti t E

EILtt .

(b) Fan blade planform curves

Figure 3.- Concluded.

I
Li'-t *1Ar

-. itt :iti,

ill

;4tt'

-i-tt ±i t li t

t- 

-,- ,--t4 4

F + -Hi
-1=.ti

-

4

. ., .~. j -.. .~f . ~ _ . i _. _ ._ .~ . L I

4 11~~~~~~ : [i ' " "1;ii icCtlli+ -t,.i- t'r!. t. ?t ri .,4i - 44_, A 14., -- H14�
.1

T
IT-

-i-

I

1
.7

I-

T _.

Jp�� --

--+ll rS

i
IrfTIF

-I-I;L - -1 I 4
t t

-1. ie:
ISA

=tf !*f~t -1 zi ;- .j _.. . e= - t
-I
J

t+ ,r-H-

Fii"EftiirI

HiIIt- -J-,T-? # | t,, -4 t T4 . t i-

4 ri:H-H
L ' -,I t'~ :4 I'-' l- t--

-- 4 I 

!,;'flr-H½~ IMH1t+-.

mgi

.

~J . iT



FLAP I C,-o 65 

LA(pI[: CfSC.=514

FLAr P of: fp :-.4zo

(a) Comparison of flap systems;&=30°

Figure 4.- Geometric details of flap systems.
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Figure 4.- Continued.

-.635 (25)

b I UACQSGIO 4 %4 tETEQS (icAe S)



l.GOs ((&)

AFTrFLAP ThOOr

(c) Details of flap III;A=O°

Figure 4.- Concluded.
TAID E lt\4S T 4 S 59rs, -e

SFE 7AWAY I: 

;1�24r�



LONC. l-R&Or\J

.L al n (?)

.1015 (4)

en 106) -A
S~ervos~ A-A

%AEUbILIM 

A llbINhE4SIO., lv1 AsHes

H o K)0 o 

25

H

cH

Fl

0

Fl
or

a2)

o

40
C)

rl-
0
b)

H

C)
ql

O

0

0

I(4

WA
Nl



<MS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. t AU t 1 t t g tX0 
MCCgW i0l |0g0

Z lg'|| gtW 
w l HI 9 "n t 

E | g | W | X h i F | S~~~~~~~A
g~~~~~~~~~A I L4 44,| 9 RV t 

g0 0 tH | r~~~~~~fit 11-4 t~ I L W 
g S i~~~~~~~~~~~~~~~~~~~~~~~~~~~t nrMSiG ffZ 

H -,V lit air.Li, _qT t -~i Mt ff w 1H r| f
,f AF .L tt -- tr3:l~ iFI~ ttS; .,j- ' -~ _t;:Utf f 

| E:. .h~N TI- a ,& W 1

W~~~~~~~~~~~~~~~~~~~~~~~l, - M 0 ig-! g 4 ig 2

g 0 g 2 8 rIE _, I i~~lt tll

t tu+ r.. uh,. ;ttj~~~g4;gU gS th4; Xrs="3 iu Lu~~Im t t ET L.4ttt+44tf~~t~esRUhg1t4PG+4ftL481#lHsm44S4 m. ; -tFtiu: ETu Rir PI
~~~~~~~~~~~~~~~~~~O -=H - A, 0 2t

P. i II ffgSai t A i I 4.4""tstif lit t l i R I f E g t.1 R t i E1

| S E 4~~~~~~~~~~~~~~~~~~~~~~~~, t I4 I4, tat4 -

(a) Static thrust versus fan rotational speed
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(b) Gross thrust coefficient as a function of
free-stream dynamic pressure; RPM 5000

Figure 6.- Concluded.
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(a) Medium and long pylons

Figure 7.- Static longitudinal aerodynamic characteristics
of the flap systems;A =0°, q=Opsfo
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(a) Long pylon

w:~~ ~Figure 8.- Static longitudinal aero dynamic characteristics
06:~~~~~ ~of the flap systems;j=30° , q=Opsf.
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(b) Medium pylon

Figure 8.- Continued.



(c) No pylon

Figure 8.- Concluded.
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Ga. Figure 9.- Longitudinal aerodynamic characteristics;
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Figure 10.- Longitudinal aerodynamic characteristics;
-AZ=00, medium pylon, flap I.
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(a) V 90°

Figure 11.- Longitudinal aerodynamic characteristics;
&=O , medium pylon, flap II.
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Figure 11.- Continued.
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Figure 12.- Longitudinal aerodynamic characteristics;
jt:0O, medium pylon, flap III.
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Figure 12.- Continued.
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Figure 13.- Concluded.
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(b) S4; = 30

Figure 14.- Continued.
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Figure 15.- Continued.

;_vi: Iii
Mi

1I.~-;t i" i. 't. ,I ~ rNit~ioa;- t.l it~i r titiliE}. A-E.tit
I



, 2' 1 '0 _ j : :j!' ,III fl. ,.,.. _ 4 1 - t AMES RESEARCH CENTER ""tw 14. ' Jill 4'5 t~~ ' ' IIFj'4''F. I 4..,

1 ilS. V .4 4F 0 i ' ,.! 4P: *0 L . '., 1. i jHi! 1,11 H Chile -Ill i~,1444111't'f;'4F' "Ii 'Ii il

I 4,:l t i'T fi fl l i itiF F j t 4 -.!, II ft.. i I 4 Ii 111 '1
li iI$" 44" .4 , +4 14.

111 la ~~~fl I4N ttj ''it.,j1,! l;0 I j, I I J I I 

1t44m, 44444 *;''i '' g''' .t g 7 lri i 2451 Ft 14' '2''''' 1 11 i1i li
W t 04 t g gg Xwrt 't E EOilg fi I I;!iIT ! i m j I :i :T: 

li 1 44 1141F IF vS Pi tI . 1 a: IF II'' I" I' i ;I'| 

i ii 2 2 iX ii~~~~~ii0 0 -0i 0 M0 4~~~Ti 0i ftiXi l lfSl l Hi !ill itl .... ... H Ij i"t|

tl X ttS W00g1.00ghS 0000.

ii IAI~~~~~~~~~~~1. ½1 " I 2

O I V4F , ' ji 1I I* 14 '; ... , .

IT 1, :it qt~~~~~~~~~~~~~~~~~~~~ l~~ 1,fIi . I 4 : 14 -

'refill 1~~~~~~~~~~~~~~~~~~~~~4 '4 2I Jff, r' I I1I

1441 j 'f1414 ll tF TtiII
Hat 1154 4.44ipfr ~ 1 f 4 4 4 144<44

1 " 1~U 4TilF.4l44 '{44 '~ ~P 1F' 

IM13~~~~ }I;T'vf:~F14,F ' - ¼~

POTAWR~~~~~~~~~~~~~~~~~~~~4. 444 1~ I 4 q11'~

4 t~~i4T~~t F4~~I'4 I ,t t I m.4a 4ui IT ,1
it 4t.<±I'F~~~~~~~~~i u~~~~I~~i 414 £ 4~~~~~~ El Ji t-1

(d) S= 0

Figure 15.- Continued.



....... ?..... ,, in,. .j........................... . u7 :_ i , 'i' - - -- w .!. t i ! ? ; ':: Ul:: ! i:; ,:i:[AMES RESEARCH CENTER

i~11 I t lliL {'fI :Z L -i: Ii: -:i' -'~ -:i: I. I,:: *': L:,:'i i~ !' 'i::':i :. I::i !::..i:, ii ': !

H~~~~~~~~~~~~~~~~~~~~; x :; un Ft:: x:::: u ::i,.:~:::::F i :.;::; ! !?;7i ;! :u! 71! ;i! ;i~ i !;' i --;' -!i'!i!! | 1|ilil| i

I1 v! :! Lh I I r: :':: : ... , ! .m'., .I _ i r 

... tt' i rl ivt .... 1i ...... I LI L, . . ."..I, L' ' 

: T II T 4 i j m L I; 1- .... ' X .L ! _ i

11 J1 ,4 +. I i $4.1~ t-. E X t . Itt I t~ I ' 'I m41 1'C.'' l4lr;] 4! t ;| | 

ITm i i ii iiiL I l ilii iL ii I

m W Xt S ~~~~~~~{'itj+4t r1i:l'/ im I 1 1- ,i.. { !- i'l!i3© " !!li :uiai~ibt si!!t! jS

iii; I I I , 'I'm tttttht 4vst mS e r; t ttXr Xsi-lil iatiti s
4i"t IT~ ; 2W g mm mW W t ]'ifit I tT f it

Ii~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;1[
i"!i

i !
1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .... ~" .......

£i4 14 .4.' ftI Li t.il I Lii:i ' I i

II... . . .. .. . .,; ,~ : il.~ ':y!.... ... ...
U;I4 ! t . .... ...i.ii'

I,;, 1-rIS4,111 11~~~~~~~~~~~~ll .... ti' Ilt ill II:ili li

! iI ta ....-.... . .. .... ..
,..i FEL . .

it 2t; Z4 i 1. .. . ..... 4.... , ..... .,. .

41~~~.

VI r ir" I:,' ow.. la..~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IL

!~x~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I tpli ii,'I iiiIi'

ni~iv4L i~!~i!!'ii ! ~'v.ttfiI 1;4 I fii '4-uu2~tu :22Iw T 12.L

:I~~~~~~~~~~~~~~~~~~~~~i~ 17.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1

T-L,~~~~~~~~~~~~~~~~~~~~~~~~I ..,*

i T 1 M~ :t 0:82 4f1 tl'!:~t 1~ tJ1 d44442j4 I t4t t E& i~P4'i

:. I[ .... " !u ] [:~i;~.~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~j !!: ':2 tiii::! ii!'::'/u i;, , i ii .. .~:~i ,~ i!! ,:. ill i:.: !!i ;;!'~i!i~i!!~i/ !il !~i ! i ii ::ii~iil ':1 '::i: ili !7 iii !il iii '" ~ : :"i :: ......... ':": " "'.l!!
"ut;~'"':U~;+'u~i:'~ "'~ ~i~ii~i~i~!~!:~nunui~u:.:~ ...u~!r~un~iiifi~i!:~i~ii~!~iii!~!Z:~`:!iif~iiiiiii~:: ~i U~ :; i~i~; ~i~:: ii ::i::"U~i ::i::i'~'!:/~ i::~: i:: !!iii iiiliL~rr.J i-U ~;!.

4 lIF::: SJTiief f 4 4il! f j i l;T i 'H ':f ' : : ::.t ... Ii,-l.;i: . :! .O... t l. rh f .I..
ILZI Tai~r~s lI~~t . -. ~,T IS Vm rw~f 414w~ X~< ~ 4~.. 4f tT *i VtT

11.. 4{ tF t . t4t11.t4 4 L1,,il4Tf ,4' I ii4~ 4 itif4-~l i fi4 tt t .1 Tlt ti l4 1f 4, i .411It

(e) S= 00, nacelle removed
Figure 15.- Concluded.

O)CD

~.~m:~ .~;~,![H :; .... :-~:; ;~.l ~:~ ....
Hi~~l:tti~:h~i:t±.,:h ~. dit:~.4t;.±i '.~i:~~!~:!.~rJ ~!i i.il.~ ltln:H±::'."J I :~2i~ !'Hl h+ri till ~Lt14,%!ii',: i~i.i ~iiI;~i~!f~i

-1 -;

�!;-M! - ,i 1: Hill

II

.: ;-1 t; :LT3:': til :!.~

Wl ti~r. :.i! L

1~ UtytTT: : _ 1



$0~~~~~~~~~~~~~~~! T T. | itj!;l 4 t- T :Ii

it:. i , t . i I . r~t !i ! :tl Ti !

w 40- _ 5 1. "5 X i i ff iX | 4-1- A-X--0--|---i i it C i t Xi~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ti T i TT 

lif Beiz H ri ;: W 4.l3- ,;i ! Ia: 

I~ ~~~~~~~~~a 4= i

TT T, lon pyon fla TI.



11 ~~~~~~~~~~~~~~~l U~~~~~~~~~~~~~~i Fiji V :i:: :ll::1:i:i lil:::;ii ::i:::i M:!l·jf~~fi

!r:! '~ ::: r:Il::;il::; iiililiiliji iii;':;l':'ll':'' ~iiti-it~iiiif~i-!ii~i i ii-iii~ii!:4-i: " i: il!: T:: ;; :,t

;d~~~~tt~~~t~~~m~~lr! Lit!:tif t~~~~~~~~~~~~i! :!i iix1 ~I'it fili

llf~~ lq 1 t t T. t i.!. l

i~~~~~~~~~~~~~~~~~~~~~~~~'

Li --:;I.·l; ·1· II, iiii

Jliii ijifl Ti'4;:il;if/ii: ill

'I ilt 
i;; nti ;,,.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~T;I

J i: ~~~~~~~~~~~~~~' ""i mi~~~~~~THI, t41R1 11:14 V, I IM i:;: 4il:~~~~~~~~i:
t, ai ;; I N"' Iii: ::::::: I~li!::i~lt i~llI : 1 :

'' I i~~~~~~~~~~~~~~~ii I:I: .··~~~~~~~~~~~tPITiiH l 

i' :fR iiiii-iji~~~~~~~~~~~~~~~j ''ill IN- iir T :4 I 4: ni;

ii~~~~~~~~~~~~~~~~~~~~~~~~~~pi

tl: titlt! :i :;'t~~~~~~~~~~~~~~~~~~~~~~~t~~~t:1:!ti:!:lltfii~~~~~~~~~.'t -,i !

:;)!:::iti fltitti

11MMU11 ;Rt 1; i :T.

AVI M 31it I

t,4 ~1aon ,_ i 4:I1ifl

j~i~fiji iiiiljilii~i~ il:;ilIT

,,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_Uli, i,"

TI iiiil~

Figure 16.- Continued.~~I·,.- I-i ·i



A3T" HOil I .. ii ..... . .
83M....A.. 

:_ ........ .... 

j~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
T.I.

ttitki~tatt1Tfltiiilil22i;~ i~ , * +, ; T, !':;! .'.' . ..... T ':!................................. : ' t: 't _~ T P "f ~?' 'J! _ !! :: !.................................. !! _ ti :t: t : :!!" !! i': ! t
"

T .. t '' ?T '

!]~ jJ TtJ~':lii i" h'" .... ::~:,,,i I .
lT i'i� ! i~i !~ jii i i : ' m; _ _ : :: _, _ i- i '' '. i!!iLk;-- i- ; !'':: :: ......'.. ::::::==~ 

......... "l-jl : ~ii i>�l :::,li-;'l. ,,ii ii. ... .. .

MR14Iil I. ... .... .... ................, :i ~

I 1~~~~~I4

18':fitii,,liti.,i: 'l': i '.li', ~ ~ ' ' .: .: ...: :'~:: . ' ''t' ... ;: i~ I::; ' e .:e4...:...T.. -1 ' i!4 ;'''' !'tt!' -t' ::!' i!'4' ''

|tl jtli m :! l,|:|? :. ......
IT TI IIXf I I .1 S 

i m . . . . . .

-77~~7 j -:T T 7- - ~ -- - - - -

''II T~~~~~p 14 i** . . ... I.......I I .. . . .. . .

ll'~~~~~~~~~t 4X~~~~~~~~~?Ti;lT Ti1m:4: :: __ :4.m . 4::: :1
~ ~~~ [. I :11~~~~~~~~~~~~~~~~~~~~~~~~~r

~i!~ .... ~", :~ ': :i!::[ . . . . . . . . ....... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. .. ....

~I:tti - 0t~tl;f t ititili!"ii~i: ; . ; . ijimrm Ami ~:- '1::' I ' - I ' I

fi l ,-.?,-.,,, . . .. .... .....

'.11, I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ It IT~~~~~~~~~~~~~~~_7_7 .7r .T.

11',,1t:i4W !Jt :i: i t!?~'"?
:

i Liit fi!T- I;.i.. !r #i TT - 1 T-

g -!i!::;:l k!i:ia 4 W !:.i ii':;iii!T ....

LET I~~~~~~~~~~~~T ~~~~~~pj ~~~~~........ I"-: ... .........

I' 

fi~~~~}0Ewh-E L ',lr. .........................;':: ::9.:'f ..........1t.1. .X......... iiXiX 

(c) sf= 30

Figure 16.- Continuedo

!77�17�

!I
ll�

q, :.:

7�1

.7�7

i::

...

77-...

;H7

..' .!4. .1. .1'j '_' ~~~~~~~~ 1. . I .... ;-ll:::_T77F7F7T-,.T~~~~~~~~... 7,. .

Lift,'t' . ........... ::..!:!.:... ; .I; I.II...... : , i:::,:!i ji :il. ,'-ijl'':: -,: Mi 



W E g g Xi f i sl~~i 4.J m. i i t l 1: i! t .. _ t S ' i I ! .: t S .. .,T .. 1 i,:. S . . :

AeA* A iii i' ' iWS 14- ;j . i4l~tiiii .1 ! 

iW X 5 lii:!l i!:il !ili:!!'i . '!' i' -- T ' !- . -t . ,,, ..................... I I i ! iI.-l,, i::!..... .3

%~! : ~~ ~ ~ ~ ~ ~ ~ :·· 11 ::{ *:[,Jt,,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~iii.Jfi: ,.t..t~ :'!~' i~iiiiill" ;
3 !Ii ' '' !;,$.... i', , .... 

;; ii; .
i 

...t

I;:S u~tt'~ i- : m ~ ~~i~ ~ ~~~~~i: i s I:: ii Ii ii-ii 1 tt t |0 li i-7 I I-i -j .

~ ::ll'~]11~:'~ :~:: !i' t jji! J :
:

I,, M Ib.$:~ -ii !::17i ~:i/i::::

g S T j i X ' ' j1::: C; .,~ i._i ' " i-· 
:1:::: 

-il !:r;::;:::l: I::i llt :I iir itil· ··W '::·:;: ti~ t~iiliiiiii I, iill· i j~- ijii~jl' t--: i . | U-

I!!-ltl! i~i~ti: ,[;, 4i~i"i i :X " i: ! il 1 jli ! :-i l:: - .1;:::' Ii;:: i·: S Z; l -t tj l__!__q., T,_ '- - - i -- t

Wm i f~~~:ltil-illi I4;Z i iiii
' i;l !l::v: -i :_ ::: -

· '~~~~~~~~~~::;J::L0 e i~~~~t~t t.ii. a; 
;lis 

li l11-LI 'lli 
'5 l' i4 

-

m ! :H: , ,j'' I Ii

Li i;·:i:;; Hi.iI

i 1 ij 'il, . .....i.ii- ,-l ,' 'i i t

i 
iiiiiillli7 .1; l i . :- '-

:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:

:::; i:::!::i: ····~~~~~~~~~···- ::··~~~~~::::~~~::: I:::i·::: ~~~~~~~:t :; ···l

k"':'':-:'-~~~~~~~~~~~""r r ~ ~ ~ ~ 17-rtrl··,·r·II;:n:~'~~i'.-.i-t
1 +'.;:i,-iii;* ~;* ~;li: ;; lt-,'T ,4;-, l,l. ,,!j:l;!i+-m l . .... ~ . . .L . ... ~ .. .. .. :.. .l::-

i.:,wi:+:: 'i + , ·i;=rl- l sjstl ' 'r: 1 f 44-;lt ': `t iifO-i:11 ! t. --i ''j '1::;

9

itsifl
: 

ili

i;Litl: !;IU t Li :liE i ltl:::' ,t I:il i i]~l I';ii::. -':I + Pi-, s,.. i' 1--'1 j _.. ! -l_

~,'?;}11111/?;;'.!,_._._ li
' '

' "l.I.i.I'.I.;. l : ::.I..l.....'... 
.'! . _:17 1:: i__ , 

j 
j!I _i {.!' 

,{i 

i B:~7177- ?U.i3 -'..'.tY-?¥ }T:-7::? 1 ':-iT. +i -jid i'T .'1 " ii, iii i -i . i1

PIT- 'i' & M '1'17 '-'I-,,x,- _ E ,.St-
i

grq , � -, j� -I, .7`
.1 . .

� I - , � L;- ,

1-i-.-.1 -Iqp.11�441

(d) S- C0a

Figure 16.- Concluded.



A ":'~:iv:i: .. .!Ili :'": ... ............... :":i.; !it!~Uil - ii i ii
i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~T :'.; .... .,,iii~ii'!~

SM433 H;~sA3e3R 83MA I h taa
h'i!!:l~ ;hi!:- ~ '~i;~ !;!~ iii.:i !'!i? i~11:::1;: ::i:! ii:)1:i! iit h! if; 

a. I I~il: i~,::, ',iT::~:: .../i?:[ ·i .. · !~l;l ::1:1;:1::·,
ii t; i~i~ ii !i l "ii: ~"i it i: ":t !:i'l;! ~i~il li~i l. ii ii ;i::r·:'l if! ":1::. : ,. . ,'i iliiiiii~iii:ii il ii;it,,, ,i.

·t" " ~liili:i li: !ijj.iiii 'i :1 .;~:.!!UI·: , ll:l; j ,n:.,..i~i i~l iii'! :!i iii i$~:. ii~: ..... :t;:1- ·1·
?~'~ ~ ~ " ··:I::i~ ; "'~:;1:: :'": ~ i iiiii!:iliiii:: ii:i!:i l,! ;r:;i ::1;. ~i;i:

h!:: ir !:!i! J
ifruit~ ~ ~ ~~~~~~~~- !~!i . . .. t: .. ~!i-·:: :: ~ 'i [i~l ~ ?:!ii!!! !i!!;':' ~'l~il :!I tT* :[!:u :,~;~ m; :x:: i

h,[ hl'iffui I}it - mi:il;c:l ... ............ ~!.ii:i: :l ¢ 
. : ." d:?i ..... i!!! i'll !1 iiii!:if: ! :i;h;::::;: ::: ::: :: xi . ::l:;l:i:~ l i;:.I:.~;,: :.::, ~ ............................... i:l:l :: : It::

':i:':'1:':'li:':l'i~~~ii~jii~~lil! :i: } i !i hi ~::l ! !' T X:i: :i~i 4 X: :i X: : 'l::m il:: ::;ii:ilii li~iii :'1::l:::itf jlili iil!tl~i~ li ~: lf i l i[l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-. i:~i:~:I"" ""iii!: ""'~' !!1I ,,, . ..1..'.... :l; :I:: .................................................li

?,!, .i...

! f411 ,?1 ...... !. ... ~~,,....... .. ~........ ... .. ...

t it ,ii !lt'T itiili'-i l!]iliii ,iiitiiji r:! ii:, il;'ii i iX: x ifiiliiilil!'~ :i~::~i:::1;::il~i~lii: :I: l~il~iliiiiil !i~l~iii iil::i!:l:;;:l::: :::::::i :iii :!:::::... 77 7:l,!:7. r ""'"" i ii::iii;!i'li :iiii: !iii; iii i ;i i.. !,;lii i :. iililjii :.l; .::il .. ..i~!i~!iti~t~iilH !:f! i!! ~ i!! r,~~i~ii~:i .~:...' : i;,,:,i~ii ::i iiiii:i ! i: : iii !iiili ~iiil~: I:": Iiiii ::i~ii iT i[iiili i;: :ii- ;l::iiiii 4!;
"' ':' : i .. ..:: ..

i~ ~~ ~ ~ ~ : tm... .... ...........:.. : .... -:::" t: :,:!:: ,:::l::i;
m:~t!~!iiiiI::: :Y aiii !i 'ii.!~. ~ii!i !i tl:- i~', ::1: :.i!!::: ::·~iri T iii~~j~iiiii i!~if i.!! :(;:i !ih i !i :i~::~:ii i' :1:,~i:-;~i: >~:::!!:I·: :.:!ih I:: !h!i:: n;!I.,!;~!

i~~~~~~ii~~~~~[....i....... ::::::: ::: ....: ... . ~:;.... :x:i:;: .;.:::i!~~~~~~~~~~~~~~~~~7 .i i:iilll~~~~~~~~~~~~~~~~~~j~*;~~~~~~~~~~~~~ i
~!

· !t: :

' ~'
illlljh ... i:f: · . . . . . . .. ..... ~........,;..:l...jil:i:i :~:l,: ......: [:I: .!t............ ' ............. n.

· i~ii ........ ,:::.; ,:':::: ::: ,.., ;,;;;.:-~--- .ili ;..m ,'-ri:::! :-F":'F[:F:
z;

:-:., -..-:.
m~.m:: ilii!iii I~i~ll: i il::i: :";. .. .......... ..- i: i' 

1'~~~~~~~~~~~~, T ..... '; ...

,l:tvlT !i;0 .*,'I ,t:

-U! ...... F? .... i';! ;]T~- E ?;~".ll! ',i:' ;;** ;:il ~q~ l ::.;i.

'~tle--.L~iLI~iLL: ...... ::; .. !:i~ !;:: .:...i.......

;Iraqi~~~~~~ ~ ~~~~~~~~~~~~~~~ !;i;t lit;l-i-i'
Ti ... r:;:: ;: ::r::::1!::!:..;~f:::: : :iij/i ·: : i :fI i~iiI;I:: :~i: iiijlilii lijll:'; ; i: fsh:nltijj

l'itwo I: :::I::: I '
it I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,,.~~??f ! 'i

" 'i hi~ iii;~f[ [~jii:! ii":ijii ~~ :i!~11~i:1... : 7iX it7! q:i ii-ii h ii~!j: t~tii;!ici~:~';ffis ,;; ;.= .,.li::: l :::::;:. .. 'i··i!;; 

i;! tiil I~. :~i il ':!!! ii:! ~i~ ':!!! !i;I::l ~,:. ;, ;:!i'
*i 1

?Zl :;:: 4'.L ;; li:: 4~ i , i ii' i*ii :' ':.
h~ . . . .. . ::: .:':";:! ;T~Tr' ~i~iiiil i:;II;;;I .............. . .....

ii~ .i!. i !i:,liii~i :; '"lrllli~.. =i: ::~::.x :!:;:~*~il:~::::!; · :,,
::iI iiiii !-:;$;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· !m7~iii:iI:i! :~!1!!i~! :~i:;!~! ;:::: l:; .....'iiiiI: ''"'" .... :': -':Trl

iiiitiiiiiii~f ::iii!'~ ![ii i ?.]3 .i; :igiii !~::ifi !!ii i[~! ilil;I :l:i~-i: 1 il ..ri :i - ], .:: ;! ; 1 ". I -;,

.... ~ !ii~-; ~ ii ;itii! i!!!' i! 'i 777 te:
.... L *~'~?~i" i !!.*;I

He
';~ 1~:iii-I J!,': '2 ... IT I..... . ....... ,." I·'

??: :: ' ,:.:/: !.., i:; ;~::I :.t::l iiii ii i:illi~ ::,h,,: t......~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~::::r:li:: il ll:::l: ii:::Nl; I

,... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~li4-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:ii ri"~ ~~~~~ ~ ~~~~ .... .. "fl Ii!i! ":::liilll i::~ ~ ...... : ::" ....... ..... ,:: ..................... ::,;.: i!;i' .. :ri rl~Jii :'iiirii l:;;::;riii;:11:::ii

.... i :I :F:i' i!.... !i.~ ~i~:, ,.,;~:~ :! .;; ,;' ":: ........ :"i',t,':.i! .:, tii,,: ................ .... ilirl~i ii i : .- i :!.t ! i :-i i ,l] :'FX '.!ii iiliiii it ~ ~ . . . . . . . : ........ . . . ,,: """'l'li'ii:: ;~. ...... ~.. ,,, ...:: :: ....;ji- jir~![!i!!i-:/ ii [ i" ~iill ::;: :]:1: ;::i::: ~U: i 

C1
(a) 9- :9 0

o

Figure 17.- Longitudinal aerodynamic characteristics;
Ju=30

°
, long pylon, flap II.



i T~~j! . r i ;4 .. . e H t ~4 .... .. .. ....

m~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~: 7-H :z] ii 7 ...
ili 

............... ....
t' i >1 t ' l q'1' '' '' i''' '1 '1 '''

< S t t r t ' F ' I F ' r " 1 t .. S B~~~~~~~~~~~~~~~~~~~~~ I; s . - I � 1 ' I ; t .... I .. q ... -~~~~. ...... ... ... 

i m W W W ' m X < H W t X: !: ! :1 ~~~~~~~~~~~~~~~~~~~..':: 1: .... . ''~. 7iIT ; w I i 

b.j~=; .;· ,, ...... :..~. '.. ;'. ....;~.~.; ;.",,1'I,~- :;:; ;i::~'~ r,~ ; i :!i; ;;i! ::;~ ~i4 ~iv~;. i;! ;:;~ ;;:~;:~ ;:;:i;:: :~:; ';; ;;:: ;T: .,:. ::."~/'~.1;:', :~i'1;:'!' ~ :-:,.;:: '~;':!%' ;. :- i;;: ;:;

i A I , L : t ..... . ...

41 q :T * | . i . :. .. -' _ , : . . . ::-':l- ' .-. 1:: . . r: ! q .+; ; -+ F ...

. . .

'; il:

::,:t

4
V
; I .;

",li;
t',

. .. F
jii

, I1

I--']f
-1t

.. . .I i::: : '7
[~ T I r " : '- :T : ? 7 ; ::" .:. - : ;7 :':'I

7-, =, :1

i

i

i

i

7

q

-:I-,

, .
I IqJ-��

...I-. .~ i: -r I ::!i .iS : :.- ...I .... -- _ -.1 : � - -I I : ; ; ,, :I :. . I i � I ; I I �I. ..4 i : �, j i � �iIi ;i p I :Af -q ; ;.7-1��-, -7 � Ii: . �:! , . :-. .. I � I : I i. . i , il,-: �.,: ::::L, ]L:: t;::I.:� 1;i .. I ... I-- - . . ..- ITT�, ii _: A �..11Y", i- ... : -L&L-L
P C.~uiI,,,.i,~i f5.: :: .:;:: ::: ::::-: - .... -;-.. .:IIi, .. :-!-. ..- -..:! .-!

.ij ::::ii:- ::j- j
:i I !t't:J: !ta : !.'i. : , ! jit ~!!!'!' ',j,j 'n LT,; U .. I:>: :''"

iii !!'z~: :*O ii !! i&ii:i: !:. . !;.- . - .-.- ,m -r _ -:w, .-~: L- i iiL - , L- L i L .A. L .L i i l ` r ;::
'I iT 7-

;;,7c yvrT- U. cw FUT;V 2q.. 717U;7 L;ci;4 ;:T j 7 .'''~:;''~' '~·'~' ~ ~ ~ '-"'' ·'~ '';;'' ''' '.

1.i~i 
A_ , . ...

. . i . I-~ . .- :,: i !! 'I

J :,tizfl F.+.t lii ii l iii: : i- I r t::" i :TI .:: i-I

i (b) .=i60

Figure 17.- Continued.



it Ij ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ '''''

RIMDHORAM38 S3MA ' awy I, It 4l !o ;`R ti t .!0 00 W ~ 
.i L ,iH . i !ti , ,t' ! r, j 'i

iii | 0 0 0 0 001tj + ! ilM 0 SII S t ti' ! V .,; lij: Virini | ; t| 0i

*T ffllt ii ll I 1 t 

4. 'ii'~~~~~~~~~~~~~~~~~4 i

I I~~~~~~~~~~~~~~~II

TIM I 0 t 14 i .ji 34t4 i g X 1s1 M fi t }i] it X

4 1HI~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i 

limit I ~ ti l I I;, 'I '' . .' ' ' '. 

41FfFJ 4 f 1, Tj I ?, t3!l Alen" W t ,i-'4 2'''' 14' jI''''2'''' :" 214~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4

E S ~ ii i~ i W 9 til : 1% iij j|fl wt4Iiiil:lX~l;, 48' ::r4 4422 2 2 '

8.' :4: 8'' ... . i.: ?j. 4 ? i

't 4'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 
"-: '1 - F 1-

(c)g 1. C30

Figure 17.- Continued.



g j - T t 'O ~ io lA ] $t!!i* : i!! *i ':!! !!i i! bh i . !iX ], .: ' : XWUX~~~~~~i.1S:1X,. X1X>::0AN0X~~~~~~~~~~~~~~~::I::
|Tla3 P I dT~ ~i~t~ islilii~:l !':i'| '-~:';+ it - '' ·- :< ;< : -- t-- t t- ti: .... .......

[~~~~~~ :: !!7ti' nu1l i'ds' ;:. !:+.: u.i i I_ W l~~~~~~~~~~~~i il.:i Iliitlift~i it .l i St'til~i:l i ! . ti ': i! iilii | | j~:ii 1i iii i 1 --ij jjl, lll iilit --f'iiiti irl'rlili~ :jijjjij: rjiiili~ji-i~jiiili ti i~iiF

|l-tS| .| 'lt tlItli-tti j- i ii < t!'l:i:--...X. _ iu!W i, :=.:i
,+ '-.,t l~!~hl !bl fi ' i i i Ur L'; i ~ -~i~!!h it'. ,; .............. ; ., n ~. 1 ..... ~ : :... 7 .- ~

X 'f-J,''''2 .i i 
,t~!:.s!.,~iti !..e. I+ 

....... ~ . ,:..~.~I . . . . . t: i. .. =;- S'2! =.=. '.!:.! : i:! : : . :. i : . . . ., r j: l ....... -~ t: !:: ~ ~.:; :lS :...:......... :inluuiuuiijUtd. ii~liJ/;~:':!ii

;T iX0t0,|! ! tj: i ........................ t [ .................................... 2t

-74 -T0 7; T '; -7 7 7 |

i~'i~ -E+ +,,t, . '!<< _X~s

.,i jtri~Riii~ii~i' .. ~ii: il.. :!ii: : u: !,i!:: -:!! i i!? f~ :.f. :lli:: ::i]iii:.ii!;?j~] : _: I _ : JJ: JJ[[ ' ' r ~ ' ] .. ,

-· I! it ~~~~~~~~~~ti ::I::::r:~~~~~~~~~: iii:%1t :i;J:::l;;:/l::!:: ;';~::i Zii
:
i- it-i::~ix

:J~:~l::~. Z:'.t:"' LL~ ~ ~ ~ ~ ~~~'';ii:"'l''l .:4L~"~':~'~- :'''' ~" L 4;-: :c L L

: : ]: I~: :j :: J: '

'' '' I

] :: ~ :

~~~~~~~~~~~~~~~~~:::::
{fffF;:: ~:b;..:.,,*:.= ..... -f i'lijii'jliiii':..............irii

L~~~~~~~~ ... i::ii::::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .... 

.... :Z~:?ii:N J~3:: ~:'.i :ii-il:ii:Ji /:~:IL~ :1~j:.1t i::!::'ij": i _jli:i: ~i u~: .Ux i:.UmL J i:;~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:-Ii-:lfiii; : , ]~~ ': ',i ~i ~l ;cai·- ii{~]~!i~"

]i~~~~~~~~~~~~~~~.. j!:ii!!

T'I~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

:: ~ ~ ~ ~ ~ ~ ~ :, ,:, ' I~~ I:1 i:, : : ',: ; ...:: : !:J': 4f~i[LT f~fl i~ di]!i:F: x:q: _ .... : - -

... l'-ii.- ;;··- ···· .r: ::::l:';!l:!i~~l: ··· I~i-i". 7 . .

t ... .. | - ' ..... .I.. .. Iff.:~ :i I II ! -

~i-:i;i~i j' tt: '.! it'tt i i j. ,': ~: :+S-::. :'t.i ~ !.' 1 -' -:~i t--'i ~; XSsi;.! i:i ' i0- _X

ile iS 'i ' ~~~~~~~~~~~~ i''|i il~~~~~~...~; : :: S ; ..t. ..... ;..... [d ::]';............... -t-S -<d. 

~~~1
: ITT fT .:T :i:

tt.¢s S-:!!: i. l- ssii:::::: ::i~ili:::·;: ·-·- I .,.. I .:!t ; |!.- } t j! | 'i |; i xii d-"

,tX i. fj. zm t{4 i i~i4 & Vr-tX,. tatsl l > .;| X . .............................

i~~t~~titJ:: the H'i :''!:"::li.*HHHH;HI;H! Hd

7T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:I!:

1~ it ' i

-4j4. · ~_ r

~~~,. 'i-:i. .~t;:::~::i' iL:,.L1·- iiit 77r'· ·: :li: :77::::: _

:r:: ::; ::::II::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~T.T

:i.-....: ::. :::::~i~i: :f;lj::/::liilljl~~i :; 1: ir '''ijliiiil:::;~::i::fi~iii:i!i:i:;:: T7:.ll.~ ii :

i I! T! 5 I ::
�-. t-- t"r-!!-., !~' IT: ] ~!: ::um: 1- ! : - :!iJi ! ;i i.-!-{I l. t 1' : .' ' ,::: h: " i' I' :

,H T;T , !u7 ii-f-j -: '~ -i -1:Ii? .: , ~ , lW 3''o i~i: ~.!i tiL-ilrii: i~ldi :-ilt ti l;:/':

mrv� ii~~~~~i!!!i~ ~ ~ ~1 :.}: :li$'ii:]]{'~~i.~ :[./

(d) S= o

Figure 17.- Concluded.



9`3Thi3 HDA33AI 83MA I
;,. i,, :' J!:T',:l::i:,l::!:,l' !i::::l;::.|:.j;;: ::I':|.: ~;!4:i::i!J:i!.::i::!| !:::!:!:,:i:::!.:: :qq l i t : * iq !i-ilH li ! ': , iir!

wI I Jq4 ii 1 I Ti: I: : . ii Ii[:I; IIi :':TT 
o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i! iL[ :i ~

I~ ~ ~ ~ I

4~~~ T iI* -i

i T T . Li 4 tT:

! I I i7

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~n .j.i:

I -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I 

I,",,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~mi'"

7:' ~ ~ ' i

rw~~~~~~I; q! I~: T'i iti; , m~Ft:.

T 1 

r: F:1-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;.t::~~~~~~~~~~~~~~~~~~~~~~~t

,, ~>;; ~!i!:, ~
'

':+',i i;
Iit ~~~~~~~~~~~~ 4T ___

! i T

!ti~~~~~~~~~~~~~~~~~~~~~~~~ i ;I IIt:

T~~~~~~~~~~~~~~~~~~~~~~~~~~~h ;Z :~//i ~i t 

i ~ ~~~~~~~ [[:I

itt~~~~~~~~ ~~~~~~~~~~~~~~~~" i!!!1'I : T: I 5
TI;1~~~~~* T,%;'

ij~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t ~!,? 

Il; i.::. l;. ;i ii: 1iii ii:i:i! illti iiii " : i i:ii ii:iiiiML~~~~~~~M.. ,Nli;!

(a) 90°

Figure 18.- Longitudinal aerodynamic characteristics;

-L=30 , long pylon, flap III.

i~:hmhi ~,,ht'.ht;f ll~i!;i I4,:::&:.1 i : l: ' ,: ' . '4,4' ; i i:~!i: i ',i i : .i :t~~~~~~~~~~~~~' ~ll i 1-. : ;.,U: a*u 'IU!: .i~lLM~ t . ;. ii ,I i!, ;; 'I ;' ' "E- Itl!L!:!l:4ill! :li+!!l::b'll!-Il.1,

i;-1

I TF: j :: 4.,.!= :l i : j:' |:ti . i: : ' ; l: ',! : 
' . .I sll' I '. I I. i . I .. ' .ji .1 :. I jt I 

i0"E _'i'~ ~~L ! li" !,'i ; i!: i i; 'j -ii11j tllsisi ~ i ii:l!!!
i :;i lj ' -ii.L!U! ii ;.. :, !iT;i l i* i. *iU i-i ='!:,q

j,.ii,'jiil;!,97 7Pi Aii
I



LEU ';t E t. li| i| .; ~ f~li;,i~i! ilXl~i:.llil~ ;IliXXiii T;: ....... .... ,<.0_ _ ::. ii '. 1t" 4 . . .
R3TA3 H3RA3B3R .MA Yi ::: :ift!-:!: :,t: iu4i t- U~si~t!;rl ....... . .I....... ii-l1.. : :T ...................... ,.l: .... :i | ii; T

! I : II ; : [ t I- ' :; ! 

; : :; ::: :i :::1::: :: :i
:

i::- :I ! i' j::': i_~ i_ ::: .i-:j i: i! -il !i::i 7.il:

|s:li:.; !t . .f.4. .l. 4,4 l : : :t T t ::: i ::! I i i

!-.*~I;:~:~~; L -| ': | i:]: [ ''.:i T : ... I T

............[ "TII' -1 '?e T?

t ". ' .. ~t:: , .. jT. -:,-ll - . : 1 -:;--t -

4l i! . l ; . ; . : S T Ii -i : :l:i:i; ij:l i I - i f 

liit i i i I o i|- ;~,i T i:1!i:11i -i i it i 4
[::h': :[~:!~:':iij-;iiliiiiiijii '::: i 1tj: i11:

It I I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~i::l::l:: :li:::::i ~iU " '' "

*-~ ['f't'' .
T

e" , l- - T T... Tj. i ..... ... i-

I'...........: ' l J'......... ..... '¢..... ''..... ... ..... 'I. ........... :'l[l.zl::::::::::::::::::::::::::::::: ' [ll'' ' I'.T|,j' ' l ::I | : .: _:T '':: 1':*':' -,::]!.:.l.:::,,....................... J,:.::::t:: .:1 l',.:::,:J1,:' 
....... ... . . .

'-1::t--L-ijl-bi j--'-" ' -, 1:' in.l-i;:.-: :: - F:.i ......~ I; i .: I'i11... ':1:1

W 1 i tt 'r' * | '.' T j t I , ' z 0i ' ' '

(b) S 600

Figure 18.- Continued.

l...... .... i . ......... ..... . - . . I . - I ...... 
....... . ... .. : ........ I l...........i....' l "*

A A:i

�-4 -''

. . I. .1

-%-::I � 1:A I.,,: h i A r': rtr:: .'::I -rf i I! i: "ki: �.� r; r. i. "-LA41
W.
on

t%
I I !'� 1 -- r � � -L- :;i . , I i - !: ... t!;:,�l-!-.:"i''!LJ i :;;;Z �:f;" �":A i�

� i :'! ! I � t � t : � f ! ! : ! � i 
I

i ,T ti- . '1M-.Ii~ l.l. :'T



ru: A F3 FrMA i;'1EX-i ;| :14}it++tIIi1T3 H3I33 23M vl 7 ii!:7i ]SXX -

g i 4 4i - i | 1 -| il i +- S --iil 1 zi i | || s|i i | i|i D i iiL

W L ,,, , t t .,'',! m~v <'' _t z'' ',,: i '..W-t... i .U..L ' t . te e t W t It -7

lit I{ 4 .I 1W.W . .. | : i 

: . ! m . .. _ .;' ! ̂  ' ' . ^ ' 'l ''!"''i.i :' ''' , .. :..t''' i S '' 

m m tt t Pifiti-.ifii! + <t j i,--T :'1 ! - i l- - m t ti -t' 't1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'tt 1--~~~~~
< g i t ig E '' X i '< T t-' 'I t l''ai s|i-., :9- li| j, ! l*; -| | ;'|:' *| Is

[l i lm t ti| jtti striljtl; | it~~~t f}'ltt ji'!-l 4 t .i! i I I M r 1' 1' lii~~~~i i | i | .Te. il ~~~-t 4 i 4 iil i i i i~~i7It ,

~I
~

.

'

,
I

, -~'~'i' . '": "i'"'i
~

¸

'

¸

. -

,' 
!

, t 

~

....... | ' lI.~--r..' |.!.j.. '. ' '!1, 4,; ... . . . .~..-' . . . . . . .... ;
i

~ ~ .' ' zl...i:, _

~

i 
~

'

.... _,..- ,-~ .. .. --" .. .....
'

t 3lii . .............................. Ti.-- ........ . l .:.i...... .......... ................... 1 i- .... T......... '--- ... .- :. -< .... It-,; ....Lz L r Wm~~~~~T; i i-lI j: 4`IXj LIIi; it 1 .

...................... 1 ..... E- |t t i ,: .............. i-~ . . .. ... t: 7: .........

~: ~;~!~: ' iF ~r' *,~ ~ ~"! ~'ijjj?:q t 'i; :: ij:;~:~ l.;.;: ::; ;:: ',:- "E~E~:;' F n ~:;:: :::: :::i ~:]: ::::~:2:] :2E.;~,l,,lr~.: ~ ;~:~ -~ :~F :i'i :;: :::: -~2~ ;::, Fli ';~_: ~:: :~, :2'/~'--2 ~:~:~:~ ~ :'''ti.- :: : -i": -- j.. - .:£.'

I

t4

(c) ° S30

Figure 18.- Continued.



0 ;;+t ! ii rlititilwm ; U r -t-, ,',, i:-' - t... !-....

I ' t ... t~v~ili...... 1 .1 .1........... ii.|:::i i, ..:' .................................... I. . . . ii :i1,.1

m~~~~~~~~~~~~n:: ;! ;- . -I-t- , - 7: | .|- ~ 

.~~~~~~~:.

li l !+l -l l; - i Q I -i-; l A i; 2> } t - . .:: '1: ;/ - * -..... ....... .. .. ,, : : L .

~~~~~~~~~~~~~~~~~~~i -i' :1 i II , ,..j } ll]:' 1itj-- ;t'~01<\_ _,I

i i j s, . _ ', , j ,'. ., j--i -.2j. ,Wj- p- 1, -1 i' H .j, j 1 ' -'' r! ' 2' .?I - ' - ..'L'.'.-._. j . ..,. .,.'.".li i .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ., . .i . -'.-- . .. _.' 'i . ' . ff .i .. ..

i~~~~~~~~~~~~- -H --::~ - '\.:- ,..I -H -- I - : j: ~i D +i...i.

C~~t'.,'e .ttsi,. '6i ig I Vr I t....j. j. z 1 .,..j,,, ; I .- t-l~~~~~~~~~~~~~~~~ij PlX ' :--1 >'i fii..-.......

, .,:S S S: 0 0 u-f l i--;; Al -X ,.-,'i'<-r,.::-~: ::' t 

_ FI .7 -f T

: I
' 11. ; ,.

l�,1 :T' t - .!j:T .i:1 LIii ._~

i

I

'oI... . .o
h Al .:i

... I -_ i i. ,I: . ............... .. .l ... ... ....... LI i~ j~.: I i qq i -~;: i .-
[- -i lI:-i:-r nUi *17 "j ... . . . .... !:::i "T . ........ i!: ...' "::! . :: j,:.:': ':,',: j,

(d) = 0o

Figure 18o- Concluded.

i iid;!~!` i!:. ?i-!; -it!:
C19

, ! :.!,;;, -,; , , i ,i , ,|I.::

:!.! .. ii.;. .! -i .i! !!. . !..1



AMES RESEARCH CENTER

(a) S 90
-p

Figure 19.- Longitudinal aerodynamic characteristics;

r3O0 , medium pylon, flap I...

W~~~~~~~~~~~~~~~~~~~~~~~~~~~~. . ... .. . . .........

g | | | I . . 4 0 g g~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ......

g | i I | ..4 X # #~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ....
g | | I | . .2 g g g~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~......

g | E I | . , 4 g g g . . . .. _ ...~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. . . . . .
g | m ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I r .. .........

F | I | . .4 g X X ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.......

B~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- - - .... ..1. . .. . . ... . . ... .. . 4 g .. ... ... .. . . . . .. . ... .

g ] | | | ..| g g g~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~......... ... ............

M I | | S . . | g g~~~~~~~~~~~~~~~~~~~~~~~~a go
M~~~~~~Fgr 1. Logtuia aeoyai caracteristics;

M~~~~~~~~~~~~~~A =3 0 , .med giu pyon fla 1 .Iiii 

lQ



_ E I m ~~~~....... . 1 . . . ...... .. ......... . . .. ..... ..

|... ...... .... . .... AMES RESEARCH CENTER

Z i .| .1 .. .. .. . ..

.h .. .. . ... . ..j~ ul ~ i'} '4 . . . . ..

1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. . . ... ... .. ,,.!'1 lx

_ 0 i . i ^ j . F : .. 11S M R M ''1:11e''li'fjw}~~~~~~~.-t . ... ...

2 I'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

j j . W1 . X k j .r jtL riSM .El -{, p U _~~~~~~~~~~~~~~~~~~~. . . . . . . . . . . . .

F S Xi I g I E W fi 1 7 g~~~~~~~~~~~~irzi'4

S~~~~~~~~~~~~~~~~~~~~~~~~. .... . . ..2f
'1 It i IHHIM | | ., n . 4'7 .

S i ! ! , . S . E S i . itt

(b)9 = 600

Figure 19.- Continued.

I

I



CF . .. A^IES RESEARCH CENTER |~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. . .. . .. . . M S E E A C C N E

g~ ~~~~~~~~~~~~~. . ... ... . .... .. ........
|~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. .. .... .. .... ...

|~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ... ...
M~~~~~~~~~~~~~~~~~~~~.... I.... .. 

|~ ~~~~~~~~~~.. . ....... ... .. ......
|~ ~ ~~~~~~~~.... .... .I I 4 4- .+.... ... ...

E I 1 l l . E .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. .. ...

g~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. .. ... .. ... .. .. ..

e~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ...l .. ...

E I ] l l .H .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... 

g I 1 | l .n .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.... 

u I l l I U .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V I j j j H |~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .......... 

W I | | | g W~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4
k I i 4 4 0 S~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.....

. . .. .. ... ... ... ... ...

(c)S -30o

Figure 19.- Continued.



NJASA

| t S E S . . . | I h 0 0 . .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. .......
| t 1 E R ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. . . .......

Z [ [ | ~~~~~~~~~~~~~~~~~~~~~~.. . . .. ... ... 

W~~~~~~~~~~~~~~~~~~~~~. .... .....| |0g 

| | S E -...| | | X g ..... ... ... .. i ...~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. . . ..

|~~~~~~~~~~~~~~~~~~~. ... ... ... .. . .. .... g

g~~~~~~~~~~~~~~~~~~~~~. ... .....| |0g 

| | J | . . . | I . | 0 g . .~~~~~~~~~~~~~~~~~~~~~~~~~~~~...... 
| | X t ~~~~~~~....... . . |0g.... ___

| ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ . . . . . . . .. . . ......" g 

|~~~~~~~~~~~~...... .. . ...... . ..... 

z 4 . | e . 0 l , | | g . X ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. ...........

X 4 | Z . g | I | X g . . S _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... ....

| | 1 | . . . 0 0 l g X g . ] | _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.... ... .... ... 

g 0 S . . . X " 1 g q E .I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .... 

(d)s o°

Figure 19.- Concluded.

.:-M"-



A M3 TV A3 D eD9iI1 MA Hai; :i' 1s L ., W X0I1S1X S8t 

l0|M00000X040000000XXX0000kX~~~~~~~i- L 1 

i 0 li~~~~j S 0 zi ti t W t !'; ?-X0,t. +S r i-' W .!~~~~~~~~L j L i 

i X X H W m <i,!l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~l,, S si@*-tisi eifs -*;fbl!-g:-l-egx~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~lg w Ll 4~~~~~~~~~~~~~~~~~~~~~~~
g g i i X t t e < W X <1 :t i 1 ¢ 1! 0 . 1 1 1 1 W X~~~~~~~~~~~~~~~~~~~~~~~~i

i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L a L~,, I~ 1W!_S.i,, 

W g W W A i it H t - + ' X 1 t 1 1 |' 'iE | Fa :'l' ' '1' 1' ' ' F~~~~~~~~~~~~~~~~~~~~~~~~~~~11 

I t i L X;t'i7 g A W 4.l',. - .'i -il;l l -

(a) ~ 90"

Figure 20.- Longitudinal aerodynamic characteristics;
Ju=30 , medium pylon, flap II.
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Figure 22.- Longitudinal aerodynamic characteristics;
-t=30 , no pylon, flap I.
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(b)S = 600

Figure 23.- Continued.
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Figure 25.- Longitudinal aerodynamic characteristics;
.A:3O0, nacelle removed.
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Figure 25.- Continued.
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